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Abstract In today’s markets, customer needs are becoming increasingly
heterogeneous. In response to the diverse customer needs, companies are often-
times forced to offer a broad product variety in order to meet the individual
demands of their customers. Being confronted with such a business environment,
manufacturers need to establish new business models that are capable of dealing
with high levels of heterogeneity, such as mass customization. However, as
offering limitless choice is economically unfeasible, manufacturers have to
develop a suitable solution space by clearly defining which product variants will be
offered and which options will be explicitly excluded from the firm’s offering. In
this context, this paper introduces the distinction between initial and adaptive
solution space development (before and after market launch) and discusses the
interrelation between these two modes of defining a product offering for high-
variety production environments.

Keywords Mass customization � Strategic capabilities � Solution space devel-
opment � Product variety � Product management

1 Introduction

Business success in general depends on a company’s ability to meet the customer
needs in a specific market [1]. Therefore, it is indispensable for any firm to closely
monitor the needs of its customers and to develop a product offering that meets
these needs [2]. However, as customer needs in today’s markets are becoming
increasingly heterogeneous [3], it is rather unlikely that manufacturers will be able
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to meet customer expectations with standardized, mass-produced product offer-
ings. Instead, firms are oftentimes forced to offer a broad product variety in order
to meet the individual demands of their customers [4, 5]. Nevertheless, it is
important to emphasize that the development of a broader product portfolio has to
be done in a careful and purposeful manner: Offering limitless choice is eco-
nomically unfeasible [6]. Therefore, variety should be offered only for those
product attributes, along which customer needs diverge and that can be aligned
with the existing product architecture [7, 8]. Subsequently, companies, which are
targeting the exploitation of heterogeneous customer needs, have to develop a
solution space of available product variants that acts as a link between the diverse
customer needs on the one hand and the manufacturing capabilities of the com-
pany on the other hand [4]. Salvador et al. [7] term this capability ‘‘solution space
development,’’ i.e., understanding the customers’ idiosyncratic needs and deriving
a suitable set of product variants from this knowledge.

The capability of solution space development does not seem to be considered
yet to a large extend in the literature. This is rather surprising as the delineation of
a suitable solution space appears to be a fundamental task for any manufacturer
that is facing heterogeneous markets. Piller [6], for example, states that ‘‘[s]etting
the solution space becomes one of the foremost competitive challenges of a mass
customization company.’’ Nevertheless, this issue has not been discussed in detail;
to the best of our knowledge, there is no study available that exclusively explores
mechanisms for the development of a solution space for high-variety offerings. For
this reason, this paper will focus on the strategic capability of developing a suitable
solution space for heterogeneous markets in the following.

By addressing the before-mentioned gaps in the literature, this paper makes
several important contributions to research on new product development in high-
variety business environments in general and to the field of mass customization in
particular: (1) The paper defines the terms ‘‘initial solution space development’’
and ‘‘adaptive solution space development’’ and thereby contributes to an in-depth
understanding of defining high-variety product offerings. (2) Furthermore, we
provide a literature review on methods that allow companies to gain an under-
standing of the ‘‘idiosyncratic needs’’ of their customers [cp. 7]. (3) Lastly, the
paper discusses the interrelation of initial and adaptive solution space development
and derives respective managerial implications for defining product offerings for
high-variety production environments.

2 Theoretical Framework for Solution Space Development

We define the term ‘‘solution space’’ in the context of high-variety production
environments as the sum of all available product variants in a company’s product
offering. This definition follows the argumentation put forward by von Hippel [9],
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who regards the solution space as the freedom of choice that the manufacturer’s
production system allows the customers. In order to define this solution space, a
company has to decide ‘‘what it will offer—and what it will not [provide]’’ [7].
This managerial decision process is necessary as offering limitless choice is
economically unfeasible and the solution space has to be in line with the pre-
existing manufacturing capabilities of the company [9]. The result of this task is a
‘‘choice menu’’ of product features or product attributes that customers can choose
from in order to customize products that meet the individual customer needs [10].

Solution space development is a rather cross-functional task: On the one hand,
it is strongly interlinked with the technical environment of the product, but it also
has to take the respective market situation into account. This results from the fact
that the solution space has to act as a link between the heterogeneous customer
needs and the manufacturing capabilities of the company [4]. With regard to the
technical aspects, companies have to develop a comprehensive understanding of
the customization options that are technically feasible in the generation of product
variety. Piller [6], for example, suggests the three generic design dimensions fit,
form, and functionality as a starting point for this analysis. Customization based on
fit means to manufacture a product according to measurements provided by the
customer, such as body measurements or dimensions of a physical object. Cus-
tomization of form relates to aesthetic aspects, such as the selection of colors,
styles, applications, cuts, or flavors. The aspect of functionality addresses rather
technical attributes such as speed and precision [6]. Functionality, for example, is
the traditional starting point for customization in industrial markets: In this
domain, machines or components have to be adjusted to fit in with an existing
manufacturing system from a technical point of view [11]. However, mere tech-
nical feasibility does not indicate a business opportunity. Therefore, the idiosyn-
cratic needs of the customers have to be considered for successful solution space
development [7]. If at all, customer needs are most likely heterogeneous for some
product attributes, only. Subsequently, it is not profitable to offer all product
configurations that are feasible from a technical point of view [6], but companies
need to identify the so-called key value attributes [12]. Generating product variety
along these product attributes offers the chance of truly creating additional value
for the customers [13].

This analysis indicates that there indeed is a broad body of the literature that is
concerned with the realization of a mass customization strategy and respective
strategic capabilities. However, despite this ongoing research on mass custom-
ization and the relevant strategic capabilities, no research so far addresses the issue
of solution space development in an integrated and holistic manner. For this
reason, we present a detailed literature review on the capability of solution space
development in the remainder of this paper. With this research, we extend the
current understanding of interrelation of defining product offerings for high-variety
production environments and also provide respective managerial implications for
mass customization practitioners.
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2.1 Solution Space Development: A Two-Stage Process

Solution space development in markets with high levels of heterogeneity has to be
clearly distinguished from defining a product offering in the context of a more
homogeneous business setting [6]. As mass production aims at reaching as many
customers as possible with standardized products, manufacturers have to develop
products that address common needs among all targeted users. In product domains
with high customer need heterogeneity, on the contrary, firms need to identify
those product attributes along which customer needs diverge the most [7]. These
different approaches to solution space development also cause significant differ-
ences in the role of uncertainty [14, 15]: When customer needs are highly heter-
ogeneous, customers will most likely show varying preferences in terms of product
options [16]. Subsequently, companies have to offer more product variety, which
in term may lead to higher levels of complexity in all planning tasks of the value
chain [17]. As complex tasks are more difficult to predict for the respective
decision maker, the increase in complexity ultimately leads to a higher level of
uncertainty [18].

This leads to a severe dilemma for product managers that are faced with the
task of solution space development in heterogeneous markets: On the one hand,
the market success of new products is contingent upon successful solution space
development. Only if product managers are successful in understanding the idio-
syncratic needs of the customers, an appropriate product offering, which has a
chance to be successful in the respective market, can be derived [19]. On the other
hand, as shown above, the impact of uncertainty on developing a solution space is
particularly strong in the context of heterogeneous markets. In consequence, it
becomes nearly impossible to derive a product offering that is in line with the
current and future market demands at the same time [20, 21]. This dilemma causes
an adaptation problem: Decision-making processes need to provide sufficient
flexibility so that adjustments to the initially designed solution space can be made,
as new information is gained [22]. For this reason, Tseng and Piller [23] propose a
so-called knowledge loop that allows to acquire new knowledge in an iterative
manner, so that the efficiency and quality of the solution space can be constantly
enhanced.

It becomes apparent that product management should approach the task of
solution space development for heterogeneous markets by means of a two-step
procedure. Thus, we suggest to separate between tasks of ‘‘initial solution space
development’’ and ‘‘adaptive solution space development.’’ In accordance with
Verganti and Buganza [24], we suggest to differentiate between the point of time,
when the solution space is conceived for the first time in its initial form and the
time after market launch, where the solution space will be continuously improved
over time. This suggested dichotomy is based on the ‘‘classic distinction in
organizational thinking between situations that can be described as certain, pre-
dictable, well-understood, or routine and situations that are characterized as
unpredictable, intractable, or uncertain’’ [25]. Before market launch, the product
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itself does not exist yet and decisions have to be made under uncertainty [26].
However, as soon as the initial solution space has been launched to the market,
performance indicators can be derived [27] and the existing solution space can be
adapted whenever insufficiencies are detected. In the following, we will discuss
these two concepts—initial and adaptive solution space development—in more
detail.

2.2 Developing an Initial Solution Space Before Market
Launch

This paper extends the definition of solution space development of Salvador et al.
[7] by introducing the differentiation between initial and adaptive tasks of delin-
eating a suitable product offering. In this context, initial solution space develop-
ment is defined as the sum of all product management activities that are necessary
to define those variants of the new product that will be made available at market
launch. While this may consist of tasks such as the elicitation of customer needs
and the selection of necessary product features, solution space development does
not include any product design activities nor the definition of an underlying
product architecture. This definition clearly indicates at what time companies need
to engage in initial solution space development activities: For every new-to-the-
firm product and for every new-generation product, an initial solution space needs
to be defined before the new product offering is introduced to the market.

The fact that the initial solution space has to be drafted before market launch
brings about a specific characteristic of this phase in product management: As the
product has not yet been released to the market, the product itself does not exist at
the time when the respective decision-making process takes place. That means that
the customers, on the one hand, cannot interact with the new product itself, but can
only experience a mere verbal description or a prototype and are thus not able to
provide fully accurate feedback concerning the new product [28]. The manufac-
turer, on the other hand, does not have access to realistic data on customer demand
and purchase behavior [29]. For these reasons, neither the company nor the
potential customers can benefit from existing usage experience or objective
product data [26]. Subsequently, the initial product offering has to be derived
under conditions of high uncertainty, and it is very unlikely that a manufacturer
can indeed define an ideal initial solution space under these circumstances. It is
simply not possible to predict all technological advances and changes in customer
demand [30].

We suggest two major objectives that are relevant for initial solution space
development: Firstly, manufacturers need to assess which product design param-
eters are relevant and feasible in the context of the solution space development
process at hand. In this context, ‘‘[d]esign constraints may be functions of the laws
of nature, the environment in which the product will function, governmental
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regulations, or corporate decisions or policies’’ [31]. These restrictions need to be
considered, as an economically efficient production can be realized only, if all
predetermined product options in the solution space meet the preexisting capa-
bilities and resources of the company’s manufacturing system [9]. The result of
this assessment should be a collection of all product variants that could realisti-
cally be provided by the specific manufacturer. Secondly, the company has to
identify the customer requirements for the respective product domain [31]. For this
purpose, companies have to understand the customers’ idiosyncratic needs and
derive a suitable set of product variants that corresponds with the heterogeneous
customer demand [7]. After deriving all relevant and feasible product options and
identifying the customer requirements, these two sets of product variants can be
compared. In consequence, the sum of all congruent elements will form the initial
solution space.

These two objectives already provide rough guidelines for the execution of
initial solution space development. However, it remains unclear, how companies
should approach these two objectives operatively. Therefore, we will derive
suggestions for particular methods or managerial activities, which could be applied
for defining an initial product offering, from related knowledge domains. With
regard to the first objective mentioned above—the identification of all relevant and
feasible product design parameters—companies could adopt managerial approa-
ches from several related fields, as this decision is influenced by technical, eco-
nomical, and normative limitations [31]. One very well documented approach for
understanding the technical as well as economical limitations of the product at
hand could be the application of the so-called quality function deployment (QFD)
method. QFD originally is a method for transferring customer needs into technical
product specifications [32]. However, the approach builds on the use of transfor-
mation matrices that enable decision makers to visualize the relationships among
individual product specifications [33]. That way, trade-offs between certain
product attributes or parameters can be identified and technical limits in the
generation of variants can be revealed [33]. Besides the technical and economical
limitations, initial solution space development also needs to take normative lim-
itations in form of laws, regulatory standards, or social norms into account. Certain
industrial standards, for example, could specifically prohibit product variety with
regard to specific parts or components [34]. Furthermore, certain technologies
might be protected by patents and have to be excluded from the feasible solutions
or require licensing before they can be considered in the respective solution space.
In this context, patent analysis might be a suitable methodological approach to
make allowances for these normative limitations [35].

Beyond identifying potential limitations of the respective product offering,
initial solution space development also has to build up an understanding of the
relevant key value attributes in the market [12]. From a methodological per-
spective, most conventional market research techniques could be applied for this
purpose. However, due to the high level of heterogeneity in customer needs,
companies might have to refrain from using such methods, as they have been
developed for the purpose of revealing ‘‘average’’ customer needs, i.e., finding
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commonalities among potential customers [36]. In heterogeneous markets, how-
ever, companies should try to identify the differences in customer needs [7].
Similarly, Ogawa and Piller [37] claim that common market research techniques
are not administrable in the case of high levels of customer need heterogeneity and
high numbers of possible product variants. Subsequently, market research methods
have to be refined in order to be applicable in today’s changing market environ-
ment [38].

Furthermore, the identification of customer needs might be hampered by the
fact that the customers oftentimes simply do not know what they really want in a
product [37]. For example, latent needs may not be mentioned by the customers,
because they are considered to be a basic prerequisite and might be taken for
granted. Other need information may not be transferred as customers are either not
able to correctly express these needs or they are not aware of them [20]. In such a
context of low preference insight, initial solution space development needs to
implement specific organizational processes and methods in order to proactively
learn about the latent needs of current or potential customers [27]. For this reason,
the literature suggests different market research techniques such as focus groups,
conjoint analysis, or customer surveys [33]. In particular, the conjoint analysis
seems to be a suitable methodological approach to capture the heterogeneity of
customer needs concerning specific product attributes [39, 40]. Some researchers
have developed methods for solution space definition which build on a conjoint
analysis methodology. Here, the approach is not used to identify the best product
variants, but options in a solution space that will be valued most by customers
[10].

Also, as customers might not fully understand the opportunities that arise with
new, disruptive technologies, they might orient themselves at the status quo of
technology when voicing their needs [41]. Subsequently, in order to avoid mis-
leading suggestions, companies may focus their market research activities on
specific users that have more technological know-how and that can make well-
informed and foresighted suggestions for new products. This is a similar view of
the customer as in the lead user concept put forward by von Hippel [42, 43]. Lead
users have well-expressed, current preferences that are ahead of the market and
that will become common needs of many customers in the future. Lead users are
not only aware of their needs, but they also have solutions for their own problems.
Furthermore, these users are willing to pass their solution knowledge to manu-
facturers and thereby actively contribute to the development of new products [44].

2.3 Adapting an Existing Solution Space

Whereas initial solution space development aims at defining a suitable product
offering before the time of market launch, adaptive solution space development is
defined as the sum of all management activities that are concerned with the
assessment of the market fit of the existing solution space and potential changes to
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this offering. For this purpose, an organization should constantly evaluate the fit of
any exiting solution space with the heterogeneous customer demand within its
product domain. In case, the existing solution space does not show a sufficient
level of fit, the organization needs to revise, trim, or extend the available product
assortment in order to comply with changing customer needs and/or new tech-
nologies [7]. If such an adaptation of the solution space should become necessary,
this could manifest itself either in the introduction of new product variants that
meet new or previously undetected needs or in the elimination of underperforming
existing variants [17, 45].

In comparison with the phase of initial solution space development, there is
much more information available for the tasks of adaptation. As these management
activities only become relevant after market launch, there already is, by definition,
an existing product offering in the market and the manufacturer and the customers
can gain experience by interacting via this solution space. That means that on the
one hand, customers can benefit from a real-life customer experience of actually
searching and buying suitable product variants from the solution space [24],
whereas the manufacturer, on the other hand, now has objective sales data
available that can be analyzed for the purpose of adaptation [27]. Such sales
performance data does not only reveal how often each product variant was sold,
but it could also provide detailed information about the configuration and sales
process, which could be used to reveal potential pitfalls or shortcomings of the
transaction processes in use [46]. Thus, the level of available information is much
higher during the adaptation process than during the initial development of the
solution space, and subsequently, managers are not facing such high levels of
uncertainty during adaptive solution space development.

Similar to initial solution space development, there are two major objectives
that have to be addressed in the context of adaptive solution space development.
The first objective is concerned with the fit between the existing solution space and
the current customer demand in the respective market. Before any corrective
action can be taken, the level of fit needs to be measured or controlled in some
way. For this purpose, companies need to identify proxy variables that could serve
as an indicator of the quality of the existing product offering. Only if such a
controlling mechanism has been established, companies can identify shortcomings
of their existing solution space. Salvador et al. [7] call this process of collecting
and analyzing data on customer transactions, behaviors, and experiences ‘‘cus-
tomer experience intelligence.’’ The second central objective of adaptive solution
space development is the tracking of social trends or new technological devel-
opments. As the necessity for adapting the solution space can result from unex-
pected changes in customer preferences [47] or technical turbulences [48],
companies should try to keep track of these developments, so that they can better
predict upcoming changes of their business environment.

This discussion of objectives of adaptive solution space development leads to
the question, which methods or management activities could be applied in order to
fulfill the above-mentioned goals. The first objective of adaptive solution space
development is the constant assessment of the fit between the existing product
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offering and the current customer needs. As the term ‘‘customer experience
intelligence’’ [7] indicates, this task builds upon the fact that there already is an
existing product offering available in the market, and that customers can interact
with real products and can experience these products in a real usage environment.
This experience, in turn, may lead to new suggestions for improvement [49]. It is
the companies’ task to collect these suggestions, so that they can react to these
customer impulses and adapt the existing product offerings, if necessary. For this
purpose, the manufacturers have to enable their customers to express their con-
cerns about the existing product offering. Methods for enabling the customers to
transfer this information range from simple feedback forms or questionnaires to
regular workshops with key customers [50]. Also, companies can make use of
Internet-based technologies such as toolkits or feedback mechanisms within the
configurator [51] or can interact with customers via key account management
systems [52]. In this context, it is important to notice that companies should not
rely on only one way to gather such customer feedback, but should provide
multiple channels for this interaction with customers [50].

Besides managerial activities for gathering direct customer feedback, there are
also methods that can serve as indicators for the quality of solution space fit in a
more indirect manner. One possibility in this context is the analysis of sales data of
the current product offering. If such an analysis should reveal that certain product
variants are performing rather poorly, product management should consider to
eliminate the respective options from the product offering as the maintenance of
each option that is kept available causes substantial costs [53]. Another potential
indicator for the fit of the existing solution space can be seen in the actual customer
behavior within the customization process, especially if the existing product
offering is available in an online configurator. In such a case, log files of the
customers’ browsing behavior—i.e., number of hits, the search history, or the
amount of time that was spent on a certain Web site—can be used for the purpose
of refining the solution space [7, 54]. Using these data, a simple analysis of hits can
already provide information about the popularity of certain features, and partic-
ularly long page impression durations of individual pages could indicate that there
are certain pitfalls or shortcomings within the existing product offering [7].

In order to derive a solution space that meets current and future challenges
alike, it is imperative for product managers to apply corporate foresight to forecast
future developments of a company’s business environment [55]. In this context,
the second objective of adaptive solution space development is the tracking of
social trends and new technological developments, in order to detect changes in
customer preferences or technical turbulences as early as possible. Strategic
management literature offers several managerial approaches for forecasting
activities, which help companies to identify such disruptions of the business
environment and to turn them into business opportunities [56]. Research shows
that most corporate foresight activities, which are applied by product managers,
aim at the identification of new customer requirements by analyzing cultural shifts
and gathering new information about customer needs [55]. Examples for such
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methods are, for example, the analysis of interest groups such as online brand
communities [57, 58] or the use of lead user methodology [42, 43]

As mentioned above, the second important aspect of this task is the identifi-
cation of emerging technologies by scanning the technological environment of the
product domain [55]. For this purpose, firms can apply rather simple methods such
as technology road maps [59] or more complex approaches such as scenario
analysis [60]. Scenarios consider many aspects such as stakeholder information,
technology road maps, key uncertainties, or social trends at the same time and try
to reduce this enormous amount of information into a limited number of possible
scenarios, which are documented in narratives that are much easier to understand
and grasp for the respective decision makers [61]. Rohrbeck and Gemünden [55]
show in their study that about two-thirds of the companies in the study sample
employ some form of a continuous technology-scanning activity, ranging from
technology road mapping to individually developed tools for the evaluation of
potentially applicable technologies. Normally, such tools aim at monitoring a
certain number of technologies and providing an assessment of the level of
maturity and deployment readiness of each of these technologies [55].

2.4 The Interrelation of Initial and Adaptive Solution Space
Development

After discussing the two modes of solution space development in more detail, this
chapter will try to shed light on the interrelation of the two concepts. This paper
conceptualizes initial and adaptive solution space development as tasks that take
place at different point of times during new product development. As the product
itself only becomes available at the time of market launch, initial and adaptive
solution space development are also characterized by different levels of uncer-
tainty: Defining an initial product offering is subject to high levels of uncertainty,
whereas the adaptation of the existing solution space can benefit from additional
information that becomes available after market launch. Based on these consid-
erations, the two modes of solution space development could be viewed as two sets
of tasks that compete for the same resources in the context of defining a suitable
product offering. This argumentation identifies a management trade-off in solution
space development: Companies have to decide how much effort they would like to
invest in the initial development of the solution space. Presumably, a higher
investment at an early stage enables the company to avoid costly adaptations after
market launch. However, this reasoning diminishes the role of adaptive solution
space development and describes it as a mere corrective mechanism that makes up
for ‘‘mistakes’’ have been made during the definition of the initial product offering.

However, in contrast to this evaluation, we rather regard initial and adaptive
solution space development as complementary tasks that supplement each other:
On the one hand, certain decisions during the definition of an initial product
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offering may affect the adaptability of the solution space at a later point of time.
For example, a company’s decision to use a certain technology for a new product
family might prohibit a change of technologies at a later point of time. However, if
the company considers flexible interfaces during the initial conceptualization of
the product, adaptations of the resulting solution space may be realized with less
effort. On the other hand, adaptive solution space development is the only way to
integrate new technologies or to consider trends in customer demand, which could
not be foreseen at the time of market launch. Subsequently, this mode of recon-
sidering the existing product offering cannot be downgraded to a purely corrective
mechanism, but it should be carried out in a more proactive manner. Subsequently,
an optimal product offering can only be realized by balancing initial and adaptive
solution space development tasks in an integrated product management concept.

Having recognized these complementarities among initial and adaptive solution
space development, research in this field might be able to benefit from related
literature that describes similar interrelations. For example, product development
literature considers a similar complementary interrelation in the context of orga-
nizational learning. Organizational learning literature separates all possible orga-
nizational activities into two categories: exploration and exploitation [62].
Thereby, exploration describes all activities that engage in the pursuit of unknown
things and the integration of these aspects into the knowledge of the firm.
Exploitation, on the other hand, indicates actions that aim at the use and refinement
of existing knowledge [cf. 62, 63]. Similar to initial and adaptive solution space
development, activities of exploration and exploitation compete for the same
resources in an organizational context. Therefore, companies have to decide how
to balance their investments in either set of activities. With regard to this trade-off
between exploration and exploitation, research observes ‘‘a tendency to substitute
exploitation of known alternatives for the exploration of unknown ones, to
increase the reliability of performance rather more than its mean’’ [63]. However,
such a focus on exploitation activities will inevitably destroy the competitive
position of any company in the long run, as innovation and renewal are essential
for the future viability of a company [62]. Therefore, it is necessary for organi-
zations to find a suitable balance between exploitation and exploration. A broad
stream of management literature is concerned with such a balanced approach to
exploitation and exploration, namely organizational ambidexterity. Ambidexterity
describes a firm’s capability to successfully manage the daily business while
simultaneously being able to identify and adapt to new developments in the
business environment [64]. Subsequently, companies have to become ambidex-
trous organizations in order to find the necessary balance between exploration and
exploitation. For this, organizational structures and strategies may have to be
reconsidered, as they are considered important promoters of ambidexterity [64].

This analogy from the organizational learning literature provides valuable
insights for the development of suitable solution spaces for heterogeneous markets.
Comparably to exploration and exploitation, initial and adaptive tasks of solution
space development have to be balanced in order to enable long-term success. For
this purpose, firms have to accept that adaptive solution space development is
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more than just a corrective mechanism and should view the adaptation of existing
product offerings as an opportunity rather than a threat. However, such a shift in
the strategic mindset of a company might require fundamental changes to the
organization, just like in the case of companies that strive for becoming an
ambidextrous organization. Companies that struggle with this transition toward
higher levels of operational flexibility can follow the recommendations and
managerial implications of agile manufacturing research [cf. 65–67]. The term
‘‘agile manufacturing’’ describes the ability of a manufacturer to successfully offer
a range of products, even though being exposed to market conditions of continuous
change [65]. Agility ‘‘requires flexibility and responsiveness in strategies, tech-
nologies, people and systems’’ [66]. In this context, Yusuf et al. [67] even claim
that agile manufacturing goes beyond high levels of responsiveness or flexibility,
but rather has to be considered as an orchestrated use of many different flexible
production technologies and insights from manufacturing practices such as lean
production. Subsequently, a company that has adopted the principles of agile
manufacturing will be empowered to truly benefit from the complementarities of
initial and adaptive solution space development.

3 Conclusion

This paper discusses the development of product offerings for heterogeneous
markets that demand high levels of product variety. So far, there are no studies
available that discuss the concept of solution space development with this level of
detail or that provide recommendations for potential activities or best practices in
this field. Therefore, it can be stated that this paper contributes to the product
management research in several ways: Firstly, the paper extends the existing
definition of solution space development by defining the terms ‘‘initial solution
space development’’ and ‘‘adaptive solution space development,’’ two different
modes of defining a product offering for heterogeneous customer needs. Beyond
the theoretical conceptualization of these two approaches, the paper provides an
extensive literature review on methods and tools for defining suitable high-variety
product offerings. Secondly, the paper provides a valuable contribution with regard
to the interrelation of initial and adaptive solution space development. In this
context, the paper shows that—similar to the concept of ambidexterity in orga-
nizational learning—initial and adaptive tasks of solution space development have
to be balanced in order to enable long-term success of a respective product
offering. With this finding, we make a useful contribution to the managerial
implications for the realization of successful solution space development, as our
results highlight the need for highly flexible and responsive strategic and opera-
tional processes as a basic prerequisite for defining a successful product offering
for high-variety environments.

Furthermore, the results of this paper could serve as a starting point for future
research in this field of expertise. In the following, two potential gaps that require
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further research will be highlighted. Firstly, the validation of the theoretical
concepts that were developed in this paper could be strengthened with respective
qualitative or quantitative empirical evidence. For this purpose, it would be useful
to conduct expert interviews or a large-scale survey among manufacturers of high-
variety product offerings. Secondly, future research could try to investigate the
impact that individual managerial activities mentioned in this paper have on the
solution space quality/fit or on the overall firm performance.
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